Trichomonas vaginalis causes the most prevalent sexually transmitted infection worldwide. Trichomonads have been detected in prostatic tissues from prostatitis, benign prostatic hyperplasia (BPH), and prostate cancer. Chronic prostatic inflammation is known as a risk factor for prostate enlargement, benign prostatic hyperplasia symptoms, and acute urinary retention. Our aim was to investigate whether T. vaginalis could induce inflammatory responses in cells of a benign prostatic hyperplasia epithelial cell line (BPH-1). When BPH-1 cells were infected with T. vaginalis, the protein and mRNA of inflammatory cytokines, such as CXCL8, CCL2, IL-1β, and IL-6, were increased. The activities of TLR4, ROS, MAPK, JAK2/STAT3, and NF-κB were also increased, whereas inhibitors of ROS, MAPK, PI3K, NF-κB, and anti-TLR4 antibody decreased the production of the 4 cytokines although the extent of inhibition differed. However, a JAK2 inhibitor inhibited only IL-6 production. Culture supernatants of the BPH-1 cells that had been incubated with live T. vaginalis (trichomonadconditioned medium, TCM) contained the 4 cytokines and induced the migration of human monocytes (THP-1 cells) and mast cells (HMC-1 cells) . TCM conditioned by BPH-1 cells pretreated with NF-κB inhibitor showed decreased levels of cytokines and induced less migration. Therefore, it is suggested that these cytokines are involved in migration of inflammatory cells. These results suggest that T. vaginalis infection of BPH patients may cause inflammation, which may induce lower urinary tract symptoms (LUTS).
INTRODUCTION
Trichomonas vaginalis, a protozoan parasite, causes an estimated 274 million sexually transmitted infections (STI) worldwide annually [1] , and this frequency is higher than that of infections with Chlamydia trachomatis and Neisseria gonorrhea [2] . In men, T. vaginalis may lead to urethritis, epididymitis, prostatitis, and infertility [3] . In addition, it may increase the transmission of human immunodeficiency virus by 2-3 folds [4] .
T. vaginalis infection rates were 21.2% in chronic prostatitis and urethritis, and 34% in benign prostatic hyperplasia, as measured by PCR, which is the most sensitive method for diagnosis of trichomoniasis [5, 6] . Also T. vaginalis was detected in the majority (71.7%) of the male partners of women diagnosed with trichomoniasis [7] . In addition, in a previous study, we showed that when RWPE-1 prostate epithelial cells collected from normal prostates were incubated with T. vaginalis, inflammatory responses, including cytokine production and inflammatory cell migration, were detected [8] .
Benign prostatic hyperplasia (BPH) predominantly affects men aged > 50 years and represents the most common urologic disease among elderly males [9, 10] . The histologic diagnosis of BPH is based on an overgrowth of the epithelial and stromal components of the transition zone and periurethral area, resulting in prostate enlargement, bladder outlet obstruction, and lower urinary tract symptoms (LUTS) [10, 11] .
Aging and hormone imbalance have been considered as causative factors. In addition, inflammation was recently proposed as an important element in the development of BPH [10, 12] . Indeed, chronic inflammation of the prostate has been seen as the major cause of the development and progression of BPH [10] . Pathologic examinations of BPH tissues often show infiltration of lymphocytes and macrophages around the gland [13] . These infiltrated cells produce cytokines, such as interleukine-6 and CXCL8, which may induce epithelial and stromal cell growth [14] .
A variety of microorganisms, including gram positive and negative bacteria and fungi, have been detected in BPH [15, 16] . Moreover, it has been suggested that chronic retention of T. vaginalis in the prostate is associated with BPH [6] . The aim of this study was to investigate whether BPH-1 cells infected with T. vaginalis can induce inflammatory responses. We show below that BPH-1 cells stimulated with T. vaginalis produce proinflammatory cytokines and induce migration of monocytes and mast cells.
MATERIALS AND METHODS

Cell culture
T. vaginalis (T016 isolate) was grown in trypticase-yeast extract-maltose medium supplemented with 10% heat-inactivated horse serum at 37°C. Cells of a benign prostatic hyperplasia epithelial cell line (BPH-1) were obtained from the Leibniz-Institut DSMZ -Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (ACC-143; DSMZ, Braunschweig, Germany). The cells were maintained in BPH-1 culture medium consisting of RPMI 1640 medium supplemented with testosterone 20 ng/ml (TCI chemicals, Tokyo, Japan), transferrin 5 µg/ ml, sodium selenite 5 ng/ml, insulin 5 µg/ml (from Sigma Aldrich, St. Louis, Missouri, USA), 1% penicillin/streptomycin, and 20% fetal bovine serum (FBS, PAN Biotech, Aidenbach, Germany), at 37°C containing 5% CO2. Cells of the human mast cell line, HMC-1, was incubated in IMDM supplemented with 10% heat-inactivated FBS and 1% penicillin/streptomycin. Cells of the human monocyte cell line (THP-1) were grown in RPMI 1640 media supplemented with 10% heat-inactivated FBS and 1% penicillin/streptomycin. HMC-1 and THP-1 (1×10 6 ) cells were incubated in 20 ml medium in 75T culture flasks at 37°C in a 5% CO2 incubator.
Preparation of BPH-1-conditioned medium
For preparation of BPH-1-conditioned medium, BPH-1 cells (2× 10   5 ) were cultured in the absence or presence of T. vaginalis (1.0× 10 6 ) for 3 hr at 37°C in a 24 well plate. Supernatants were obtained by centrifugation at 12,000 rpm and 4°C for 30 min and filtered using a 0.2 μm syringe filter (Millipore, Billerica, Massachusetts, USA). Culture supernatants of BPH-1 incubated with and without trichomonads were named trichomonads conditioned medium (TCM) and conditioned medium (CM), respectively.
Measurement of reactive oxygen species (ROS)
Intracellular ROS were measured by spectrofluorometer using 2´,7´-dichlorofluorescein diacetate (DCF-DA, Molecular Probes, Eugene, Oregon, USA). Briefly, BPH-1 cells with or without diphenyleneiodonium (DPI, Sigma Aldrich) pretreatment were co-cultured with T. vaginalis. The cells were washed and stained with 30 μM DCF-DA for 1 hr at 37°C. Intracellular ROS were determined with a VICTOR X spectrofluorometer (Perkin-Elmer, Boston, Massachusetts, USA) at excitation and emission wavelengths of 485 and 530 nm, respectively [8] .
ELISA
To examine cytokine production of BPH-1 cell infected with live T. vaginalis, BPH-1 cells (2× 10 
RT-PCR for cytokine mRNAs
Total cellular RNA was extracted from BPH-1 cells using Trizol reagent (Favorgen, Ping-tung, Taiwan), and cDNA was synthesized using a Maxime RT Premix kit (iNtRON, Seongnam, Korea). Amplification was carried out in final volumes of 20 µl in reaction mixtures containing 1 µl forward primer, 1 µl reverse primer, 1 µg cDNA sample, and DEPC water. They were run on a Mastercycler (Eppendorf, Westbury, New York, USA) using the following program: 10 sec at 95°C for cDNA denaturation, 5 sec at 60°C for annealing and 10 sec at 72°C for extension, followed by 40 repeat cycles. Forward and reverse primers used were as follows: for IL-6, forward primer was 5´-TGGCTGCAGGACATGACAACT-3´ and reverse primer 5´-ATCTGAGGTGCCCATGCTACA-3´. For CXCL8, forward pri-mer was 5´-GGCAGCTTCCTGATTTCTG and reverse primer 5´-CGCAGTGTGGTCCACTCTCA-3´. For CCL2, forward primer was 5´-CAAGCAGAAGTGGGTTCAGGA-3´ and reverse primer 5´-TCTTCGGAGTTTGGGTTTGC-3´. For IL-1β, forward primer was 5´-CTGATGGCCCTAAACAGATGAAG and reverse primer 5´-GGTCGGAGATTCGTAGCAGCTGGAT-3´.
Western blotting
BPH-1 cells were lysed using Pro-prep TM protein extraction solution (iNtRON). Lysates were mixed with SDS-PAGE sample buffer and boiled at 100°C for 5 min. Equal amounts of protein samples were run on 10% SDS-PAGE gel and transferred onto PVDF membranes, which were incubated with the following primary antibodies (all at 1:1,000) overnight at 4°C: phospho-p38 antibody, phospho-JNK antibody, phospho-ERK antibody, anti-TLR4 antibody, phospho-STAT3 antibody (all from Cell Signaling, Beverly, Massachusetts, USA); also phospho-JAK2 antibody, phospho-NF-κB antibody, β-actin antibody (all from Abcam). After 3 washes with Tween 20-Tris buffered saline (T-TBS, Biosesang, Seongnam, Korea), proteins were probed with anti-rabbit HRP-conjugated secondary antibody 1:10,000 (Abcam). Proteins were visualized by enhanced chemiluminescence (ECL) using a ChemiDoc MP detection system (Bio-Rad, Hercules, California, USA).
Chemotaxis assay
The 24-well plates fitted with polycarbonate membrane inserts (8 μm, Corning) were used to measure mast cell (HMC-1) and monocyte (THP-1) chemotaxis. To promote adhesion of the cells, the filters were pretreated with human plasma fibronectin (100 µg/ml) overnight at 4°C and air-dried for 30 min. The lower well was filled with CM (culture supernatant of BPH-1 cell alone for 3 hr) or TCM (culture supernatant of BPH-1 infected with T. vaginalis for 3 hr), and 2.0× 10 5 monocytes or mast cells were placed in the upper well. Recombinant human CCL2 (100 ng/ml, ProSpec, East Brunswick, New Jersey, USA), and stem cell factor (100 ng/ml, Enzo Life Science) were used as positive controls. The plates were incubated for 3 hr at 37°C, the membrane inserts were removed, and cells adhering to their upper surfaces were wiped off with cotton swab. The membranes were dried, fixed with methanol, and stained with Giemsa, and the cells in 5 randomly selected fields per well were counted under a light microscope. The chemotactic index was calculated from the number of cells that migrated in response to the control (RPMI1640 medium). To investigate the effects of cytokines (CXCL8, CCL2, IL-1β, and IL-6) contained in the BPH-1 cell conditioned medium on migration, cell culture supernatant of BPH-1 cells pretreated with NF-κB inhibitor (BAY11-7082, Enzo Life Science) before incubation with T. vaginalis were placed in the lower well [8] .
Statistical analysis
The data are expressed as means± SDs of 3-4 independent experiments. The Mann-Whitney U test was used to analyze the significance of differences, and P-values < 0.05 were considered statistically significant.
RESULTS
Chemokine and cytokine production by BPH-1 cells infected with T. vaginalis
To investigate the production of chemokines and cytokines by BPH-1 cells infected with T. vaginalis, BPH-1 cells were incubated with different ratios of live trichomonads (1:1, 1:5, and 1:10) for 3 hr, 6 hr, and 12 hr, respectively. As shown in Fig. 1 , BPH-1 cells infected with T. vaginalis produced 2 chemokines and 2 cytokines (CXCL8, CCL2, IL-1β, and IL-6). CXCL8 and CCL2 levels peaked at the 1:5 ratio of cells to trichomonads (Fig. 1A, B) . IL-1β and IL-6 production was increased with increasing numbers of trichomonads (Fig. 1C, D) . Next, we investigate the levels of transcripts of the 4 cytokines. IL-1β and IL-6 were maximal at the 1:5 ratio (Fig. 2C, D) , whereas transcripts of CXCL8 and CCL2 peaked at the 1:10 and 1:1 ratios, respectively ( Fig. 2A, B) .
ROS production
Production of hydrogen peroxide by BPH-1 incubated with T. vaginalis was measured using a spectrofluorometer after staining with DCF-DA. We determined whether ROS production by BPH-1 cells incubated with T. vaginalis was related to NADPH oxidase (NOX) activity. ROS production was stimulated by incubating BPH-1 cells with T. vaginalis, and pretreatment with the NOX inhibitor (DPI) decreased the production of ROS (Fig. 3A) . NOX2 mRNA levels also increased (Fig. 3B ). Therefore, DPI may block hydrogen peroxide production through inhibition of NOX2.
Expression of signaling molecules in response to incubation with T. vaginalis
To investigate the signaling molecules related to cytokine production by BPH-1 cells infected with T. vaginalis, we used western blotting. Our results demonstrated that incubation of BPH-1 with T. vaginalis increased the phosphorylation levels of MAPK, NF-κB, JAK2, STAT3, and the expression of TLR4 (Fig.  4) . The signaling molecule levels peaked at the 1:10 ratio of cells to trichomonads. 
Role of signaling molecules in production of inflammatory cytokines
In order to assess the effect of signaling molecules on cytokine production by BPH-1 cells infected with T. vaginalis, BPH-1 cells were pretreated with the appropriate inhibitors before stimulation with T. vaginalis. ROS and NF-κB inhibitors markedly decreased the production of the 4 kinds of cytokines (Fig.  5A-D) . The MAPK inhibitor reduced CXCL8 and IL-6 production. However, CCL2 and IL-1β production were affected only by JNK and P38 inhibitors, respectively. The JAK2 inhibitor decreased production of IL-6, although it increased the production of the other cytokines. The PI3-kinase inhibitor and anti-TLR4 antibody decreased all 4 cytokines. Our results suggest that these signaling molecules are related to the inflammation. In particular, we confirmed that IL-6 production was dependent on the JAK2 signaling pathway (Fig. 5) .
Chemotaxis of mast cells and monocytes in response to culture supernatants of BPH-1 cell incubated with T. vaginalis
Migration of inflammatory cells plays an important role in the inflammatory response. We investigated whether BPH-1 cells infected with T. vaginalis recruit inflammatory cells, such as mast cells and monocytes. We performed chemotaxis assay using culture supernatants of BPH-1 cells infected with T. vaginalis. Stem cell factor (SCF) and CCL2 are known to be chemotactic factors for mast cells and monocytes, respectively, and were used as positive controls. Migration was increased by culture supernatants of BPH-1 cells infected with T. vaginalis (TCM) more than by control supernatant (CM) (Fig. 6A, B) . BPH-1 cell was pretreated with an NF-κB inhibitor before stimulation with T. vaginalis, and the culture supernatant was col- (Fig. 6A, B) . These results suggested that factors, possible cytokines or chemokines, in BPH-1 culture supernatants are responsible for stimulating the migration of inflammatory cells.
DISCUSSION
In this study, we showed that incubation of BPH-1 cells with T. vaginalis induced production of inflammatory cytokines and migration of inflammatory cells. This indicates that T. vaginalis can trigger inflammatory responses in BPH-1 cells.
T. vaginalis is a flagellated, protozoan parasite that causes trichomoniasis by sexual contact. The complications induced by T. vaginalis infection include low birth weight and preterm delivery in pregnant women and chronic prostatitis, urethritis, and infertility in men [3, 17] The adhesion of T. vaginalis to vaginal epithelial cells plays an important role in the pathogenesis of trichomoniasis through production of CXCL8, CCL2, and IL-6 [18] . Also prostatic epithelial cells (RWPE-1 cells) infected with T. vaginalis produce CCL2, CXCL8, and IL-1β [8] . Similarly, in the present study, T. vaginalis-infected BPH-1 cells produced pro-inflammatory cytokines CXCL8, CCL2, IL-1β, and IL-6 that increased the migration of monocytes and mast cells. This finding is significant since such an inflammatory response would be expected to cause lower urinary tract symptoms (LUTS) in BPH patients.
CCL2, also known as monocyte chemoattractant protein-1 IL-6 (pg/ml)
, is a member of the chemokine superfamily that plays an important role in the recruitment and activation of monocytes during inflammation [19] . Moreover, CCL2 has been associated with the development of BPH and chronic pelvic pain syndrome (CPPS) [20, 21] . In this context, Fujita et al. [14] reported that multiplication of prostate epithelial cells was stimulated by exogenous CCL2, and human prostate volume and numbers of macrophages were correlated with CCL2 levels in expressed prostatic secretion (EPS). Hence, elevated CCL2 levels in the prostate may contribute to a positive feedback loop provoking BPH [14] . Infiltrating cells in BPH are reported to consist of T lymphocytes, B cells, and macrophages as well as mast cells [22] . It will be of interest to determine whether CCL2 is involved in the proliferation of prostate stromal cells. IL-1β is a potent proinflammatory cytokine that is produced by a variety of cells and acts on almost every organ system of the body [23] . A previous study reported that it is associated with inflammatory diseases such as fever and septic shock, and plays an important role in inflammatory responses [24] . In the present study, the increase of IL-1β induced in the infected BPH-1 cells paralleled Hamakawa et al.'s report based on immunohistochemistry that IL-1β expression was elevated in prostate tissues from BPH patients [25] . We showed previously that IL-1β was produced via the NLRP3 inflammasome by prostate epithelial cells infected with T. vaginalis [8, 25] . In addition, inflammation in a rat BPH model was induced by IL-1β and IL-18 via the NLRP1 inflammasome [26] . It remains to be seen which type of inflammasome is associated with IL-1β production in the present context. CXCL8, alternatively known as IL-8, is a proinflammatory cytokine and acts mainly on neutrophils [19] . Castro et al. [27] reported that CXCL8 production was upregulated in tissue extracts of BPH patients, and CXCL8 levels were correlated with prostate weight and the age of BPH patients. Also, exogenous CXCL8 caused proliferation of prostate epithelial cells. In addition, CXCL8 in EPS was reported to serve as a reliable biomarker of BPH with chronic prostatitis [28] . Here, BPH-1 cells infected with T. vaginalis increased CXCL8 production as seen in prostate epithelial cells stimulated with T. vaginalis [8] . IL-6, a member of the Gp130 family, is a proinflammatory cytokine that acts on the innate immune response [29] . Increased IL-6 production is a hallmark of many human chronic inflammatory states, including sepsis, rheumatoid arthritis, and inflammatory bowel disease/colitis [30] . Moreover, IL-6 is considered to be a factor promoting the development of benign prostatic hyperplasia and prostate cancer [31, 32] . When BPH-1 and prostate epithelial cells were treated with IL-6, cell proliferation was increased. IL-6 levels in sera were increased in patients with prostate cancer [33] , and this was associated with poor outcomes of prostate disease, such as prostate cancer and BPH [34] . IL-6 activates prosurvival signaling by JAK/ STAT, Ras/ERK or PI3K/Akt, but mainly via Janus kinases (JAK) and signal transducers and activators of transcription (STATs) [30, 35] . In the present study, we demonstrated that BPH-1 cells infected with T. vaginalis had elevated levels of IL-6, and treatment with a JAK2 inhibitor reduced IL-6 production. Also, expression of JAK2 and phospho STAT3 was significantly increased by T. vaginalis. These results suggest that the JAK2/STAT3 signaling pathway is involved in the production of IL-6. PI3K/Akt is associated with mitogenesis, cell transformation, and other key cell cycle regulatory processes in prostate cancer cells [36] . PI3-kinase is activated in response to ligand-binding, and the resulting second messenger recruits the protein kinase Akt to the plasma membrane. Phosphorylated Akt then translocates to the nucleus and other subcellular components, where it regulates an array of biological activities, most notably anti-apoptotic and proliferative processes [37] . We found that production of all 4 cytokines was reduced by treatment with a PI3-kinase inhibitor.
An increase of ROS has been shown to activate transcription factors, mitogen activated protein kinases, and protein kinase C, and to stimulate cell proliferation or death. [38] . Also, ROS production by membrane-localized NOX2 is a major cell signaling mechanism concerned with tissue inflammation [39] . NADPH oxidase has been established as an important enzyme in the production of intracellular ROS [40] . We observed that BPH-1 cells stimulated with T. vaginalis released increased ROS and expressed NOX2 mRNA. When BPH-1 cells were pretreated with DPI (a NOX inhibitor), ROS and NOX2 expression were significantly reduced. Therefore, NOX2 is involved in ROS production. Also, DPI decreased production of the 4 cytokines. This result suggests that ROS are involved in cytokine production by the BPH-1 cells infected with T. vaginalis.
The mitogen activated protein kinase (MAPK) cascade plays a key role in immune responses [41, 42] . There are 3 major subfamilies of MAPK: extracellular signal-regulated kinase (ERK), p38 map kinase, and c-Jun N-terminal kinase (JNK). All 3 increased when BPH-1 cells were incubated with T. vaginalis. Inhibitors of ERK, P38 and JNK suppressed CXCL8 and IL-6 production. In contrast, only JNK appeared to be involved in CCL2 production and only p38 showed to be associated with IL-1β.
Recruitment into tissues of large numbers of neutrophils followed by monocytes occurs as part of the acute inflammatory response to infection and tissue injury [19] . We reported previously that migration of neutrophils and monocytes was observed in the inflammatory response by prostate epithelial cells to T. vaginalis [8] . Also, medium conditioned by vaginal epithelial cells incubated with T. vaginalis (TCM) induced the migration of mast cells, and, in turn, the mast cells caused more neutrophil migration via CXCL8 and TNF-α. In the present study, we showed that medium conditioned by BPH-1 cells infected with T. vaginalis induced the migration of monocytes and mast cells. The recruited monocytes and mast cells would presumably activate the inflammatory response and induce cell proliferation.
Our results indicate that BPH-1 cells infected with T. vaginalis produced cytokines, such as CXCL8, CCL2, IL-1β, and IL-6 via cellular signaling pathways involving ROS, MAPK, and NF-κB. These cytokines induced migration of monocytes and mast cells, thereby, caused inflammatory responses of the BPH-1 cells. We suggest that T. vaginalis infection of BPH patients may induce inflammatory responses that contribute to the development of lower urinary tract symptoms.
